The electrochemical properties of Mg-doped 
Introduction
A series of lithium transition metal phosphates, LiMPO 4 (M = Fe, Mn, Mn y Fe 1−y , Co, Ni), with ordered olivine structure has become one of the most promising cathode materials for lithium ion storage.
1-3)
The stable nature of the olivine structure is due to the presence of strong covalent P-O bond in the tetrahedral site, which provides good cycle life and excellent safety during lithium ion storage. Among these materials, particular interest towards multi-component LiMnFePO 4 system is due to their favored operating voltage and environmental compatibility. Multicomponent LiMnFePO 4 system combines the advantage of relatively high electronic conductivity of LiFePO 4 and also relatively high voltage of LiMnPO 4 .
4,5)
LiMnFePO 4 crystal has an orthorhombic olivine structure (space group: Pnma), in which Li, and Mn (Fe) atoms occupy octahedral 4a, and 4c sites and P atom occupy tetrahedral 4c site. The M atoms occupy zigzag chains of corner shared octahedra running parallel to c-axis in the alternate a-c planes. The structure has a layer of oxygen-sharing MO 6 , parallel to the b-c plane and separated by isolated PO 4 tetrahedra to form an interconnected three dimensional structure and limits the movement of Li ion in one-dimensional channel.
6,7) The intercalation of LiMnFePO 4 system proceeds over two voltage plateaus at 3.5 and 4.1 V corresponding to two redox couples Fe 2+ /Fe 3+ and Mn
2+

/ Mn
3+
, respectively.
1,8)
Many approaches have been successfully followed to improve the conductivity and electrochemical performance of olivine structure cathodes. has been adopted to improve the electrical conductivity and diffusivity of Li ions in olivine system.
12-14)
Low concentration of magnesium doping in olivine 
Experimental
LiFe 0.48 Mn 0.48 Mg 0.04 PO 4 electrodes were provided by UMICORE. The synchrotron high resolution powder diffraction (HRPD) pattern were measured at the beamline 9B in Pohang Accelerator Laboratory (PAL-II) using a Si(111) double-crystal monochromator multiple detector system (7 analyzer crystals and 7 scintillation detectors) with the wavelength of 1.5475 Å. The step scan of 2θ = 0.02 o /step was used for both samples and the scan speed was 1 o /min. The synchrotron powder diffraction patterns were refined by Rietveld refinement analysis using the FULLPROF program for accurate determination of unit cell parameters. 18) Endeavor program was performed to illustrate the LiMPO 4 olivine structure and its LiO 6 octahedral site using the input of atomic positions calculated from Rietveld refinement results.
Electrochemical characterization was performed by assembling CR2032 coin cells for galvanostatic charge/discharge measurements. The electrodes were made by dispersing 90 wt.% active material, 5 wt.% carbon black and 5 wt.% polyvinylidene fluoride (PVDF) in n-methyl pyrrolidone (NMP) to form a slurry. The slurry was then coated onto aluminium foil and the electrodes were dried in a vacuum oven. The coin cells were assembled in an argon filled glove box with lithium foil as the counter electrode. The electrolytes used were commercially available 1 M LiPF 6 in 1:1 ethyl carbonate (EC): dimethyl carbonate (DMC) solvent.
Charge/ discharge cycling test was carried out at room temperature with a battery test station (WBSC3000, Won-A Tech, Korea). Current rates between C/10 and 20C with voltage window of 2.7-4.4 V (vs. Li/ Li+) were selected. The C rate was calculated through weight of active material and its experimental capacity (140 mAhg −1 ).
Results and Discussion
The crystal structure of pure LiFe 0.5 Mn 0.5 PO 4 and Mg-doped LiFe 0.48 Mn 0.48 Mg 0.04 PO 4 material was characterized using high resolution powder X-ray diffraction (HRPD) for precise XRD patterns. The diffraction pattern of the samples was indexed to orthorhombic crystal structure with Pnma space group, as shown in Fig. 1 Fig. 2(a) and 2(b) . The actual refined lattice parameter results of both the samples are listed in Table 1 and 2. Refinement results are reliable because the weighted profile factor (R wp ) and profile factor R p are less than 10% for both the samples. (1) The schematic illustration of olivine LiMPO 4 crystal structure is performed using Endeavor program. Fig. 3 explains the detailed view of orthorhombic unit cell (D 2h 16 − Pmnb), which accommodates four units of LiMPO 4 . Lithium and transition metal ions occupy 4a and 4c sites of octahedra and oxygen ions arranged in the hexagonal close packed structure. Most probable path of lithium ion migration along [010] direction is shown in the scheme. Octahedral 4a positions are occupied by Li + ions, which form one dimensional chain along b axis. The Li ion transport along 1D channel is favored due to the basic geometry of olivine structure. Detailed structural analysis shows that, migrating ions follow curved trajectory path between the adjacent lithium LiO 6 octahedra. 
/Mn
3+ redox couple. 1, 22) Initial charge/discharge capacities of Mg- octahedra of the olivine structure. Furthermore, the Li-O bond lengthening in LiO 6 octahedral site makes lithium ion migration easier, which is beneficial for better electrochemical performance and rate capability of multi-component olivine structure. 
